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BACKGROUND OF THE INVENTION 



COUPLING 



^ [0001] The present invention relates generally to a coupling and more 
particularly to a coupling for aligning and attaching structural members having circular 
cross-sections. Typically, a connection between two structural members having circular 
cross-sections (e.g. cylindrical or conical) is made by connecting an annular flange on 
one axial end of a first structural member to an annular flange at an axial end of the 
second structural member. Multiple bolts around the circumference of the flanges 
connect the two structural members together. 

[0002] This type of connection, although common, has several drawbacks. 
First, the flanges on both of the structural members increase the weight of the overall 
assembly. Further, the assembly of the numerous bolts through the flanges is time 
consuming. Similarly, if the structural members ever need to be serviced, removal and 
re-assembly of the structural members is again time consuming. Additionally, if these 
structural members are part of an aerodynamic housing, such as a housing for an engine 
on an aircraft, the flanges interfere with airflow over the housing. This not only reduces 
the aerodynamics of the housing but produces unequal cooling patterns on the outer 
surface of the housing. In particular, the area behind the flanges will not have as much 
airflow and will therefore have less cooling. 

* 

SUMMARY OF THE INVENTION 
[0003] A coupling according to the present invention provides a flush outer 
surface, reduced weight and easier assembly. A first structural member has a plurality of 
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first interlocking members extending radially outward from an outer circumferential 
surface of its axial end. A second structural member has a plurality of second 
interlocking members extending radially inward from an inner circumferential surface of 
its axial end. 

[0004] The axial end of the first member is insertable into the axial end of the 
second structural member, such that the first interlocking members are inserted between 
and then past the second interlocking members. The first structural member and second 
structural member are then rotated relative to one another to a locked angular orientation 
in which the first interlocking members are interlocked behind the second interlocking 
members (and vice versa) to prevent relative axial movement of the first and second 
structural members. Keys are then inserted into the first and second structural members 
to prevent relative rotation, thus maintaining the first interlocking members in the 
interlocked position with the second interlocking members. In one preferred embodiment 
of the present invention, the first interlocking members and the second interlocking 
members are portions of L-shaped protrusions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] Other advantages of the present invention can be understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings wherein: 

[0006] Figure 1 is a perspective view of the coupling of the present invention 
assembled as a housing for a engine. 
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[0007] Figure 2A is an enlarged view of a portion of the first structural 
member of Figure 1. 

[0008] Figure 2B is an enlarged view of the second structural member of 
Figure 1 . 

[0009] Figure 3 illustrates a portion of the assembled coupling of Figure 1, 
showing the interlocking members in phantom. 

[0010] Figure 4 is an enlarged side view of a portion of the structural 
members of Figure 1 in a disassembled state. 

[0011] Figure 5 is a sectional view taken along line 5-5 of Figure 4. 

[0012] Figure 6 illustrates the structural members of Figure 4 partially 
inserted within one another. 

[0013] Figure 7 illustrates the structural members of Figure 4 fully inserted 
within one another. 

[0014] Figure 8 illustrates the structural members of Figure 4 in a locked 
angular orientation relative to one another. 

[0015] Figure 9 is a sectional view taken along line 9-9 of Figure 8. 

[0016] Figure 10 shows the structural members of Figure 9 with the key in the 
locked position. 

[0017] Figure 1 1 is a perspective view of a portion of a second embodiment 
of a first structural member according to the present invention. 

[0018] Figure 1 1 A is a sectional view through the second embodiment of the 
first and second structural members. 
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[0019] Figures 12A and 12B illustrate portions of complementary axial ends 
of first and second structural members, respectively, according to a third embodiment of 
the present invention. 

[0020] Figure 12C is a sectional view through the axial ends of the first and 
second structural members of Figures 12A and 12B in a disassembled state. 

[0021] Figures 13A and 13B illustrate portions of complementary axial ends 
of first and second structural members, respectively, according to a fourth embodiment of 
the present invention. 

[0022] Figure 14 illustrates a side view showing portions of the mating axial 
ends of structural members according to a fifth embodiment of the present invention 
shown in the disassembled state. 

[0023] Figure 15 illustrates the structural members of Figure 14 in the locked 
angular orientation. 

[0024] Figure 16 illustrates a sectional view taken along line 16-16 of Figure 
15, with the key inserted into the keyway. 

DETAILED DESCR IPTION OF THE PREFERRED EMBODIMENTS 
[0025] Figure 1 is a perspective view showing the coupling 20 of the present 
invention for use as a housing for an engine 27, such as a turbine engine 27. The 
coupling 20 includes a first structural member 22 and second structural member 24. Li 
this example, the first and second structural members 22, 24 are shown as cylindrical 
halves of the housing for purposes of illustration; however, the invention is not limited to 
cylindrical members, but could also be used for conical members or other members with 
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circular cross-sections. Keys 26 inserted into keyway 28 prevent relative rotation of the 
first and second structural members 22, 24. The keys 26 may each include an aperture 30 
to assist in removal with a tool from the first and second structural members 22, 24. 

[0026] Figure 2A illustrates a portion of a mating axial end 34 of the first 
structural member 22. The mating axial end 34 of the first structural member 22 includes 
an outer circumferential surface 36 adjacent an annular axial surface 38. The outer 
circumferential surface 36 of the mating axial end 34 has an outer diameter less than that 
of an outer surface 40 of the body of the first structural member 22, thus forming an 
annular shoulder 42 about the circumference of the first structural member 22. 

[0027] The outer circumferential surface 36 of the first structural member 22 
includes a plurality of circumferentially spaced protrusions 44, which in this example, are 
L-shaped protrusions 44, each having an interlocking member 46 and a stop member 48. 
The interlocking member 46 is spaced axially away from the shoulder 42 to form a recess 
50 between the interlocking member 46 and the shoulder 42 and adjacent the stop 
member 48. The keyway 28 is defined from the outer surface 40 of the first structural 
member 22 through the outer circumferential surface 36 adjacent the L-shaped protrusion 
44. In general, the annular axial surface 38 may be equal or approximately equal to half 
the thickness of the shoulder 42, and may equal or approximate the thickness of the L- 
shaped protrusion 44, such that the annular axial surface 38 and the l-shaped protrusions 
each form approximately 1/3 of the thickness of the first structural member 22. 

* 

[0028] Figure 2B illustrates a portion of the mating axial end 54 of the second 
structural member 24. The mating axial end 54 of the second structural member 24 
includes an inner circumferential surface 56 adjacent an annular axial surface 58. The 
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inner circumferential surface 56 has an inner diameter that is greater than an inner 
diameter of an inner surface 60 of the body of the second structural member 24, thereby 
forming an annular shoulder 62 about the circumference of the second structural member 



22. 



[0029] The inner circumferential surface 56 of the mating axial end 54 of the 



second structural member 24 includes a plurality of circumferentially spaced protrusions 
64, which in this example are L-shaped protrusions 64 comprising an interlocking 
member 66 and a stop member 68. The interlocking member 66 is spaced axially 
outwardly from the annular shoulder 62, thereby forming a recess 70 adjacent the stop 
member 68. In general, the annular axial surface 58 may equal or approximate the 
thickness of the L-shaped protrusions 64, which in turn may equal or approximate half 
the thickness of the annular shoulder 62. 

[0030] Figure 3 is a perspective view showing the first structural member 22 
and the second structural member 24 in the locked angular orientation, such that the 
interlocking members 46 of the first structural member 22 are interlocked with the 
interlocking members 66 of the second structural member 24 to prevent relative axial 
movement of the first and second structural members 22, 24. In this position, the 
interlocking members 46 of the first structural member 22 are disposed within the 
recesses 70 of the second structural member 24, while the interlocking members 66 of the 
second structural member are disposed within the recesses 50 of the first structural 
member 22. The keys 26 are then inserted into the keyways 28 to prevent relative 
rotation between the first and second structural members 22, 24, thereby maintaining the 
interlocking members 46, 66 interlocked with one another. 
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[0031] Figure 4 is a side view showing a first step in coupling the first and 
second structural members 22, 24. Figure 5 is a sectional view through line 5-5 of Figure 
4. Referring to Figures 4 and 5 for explanation of the first step in assembly, the axial 
ends 34, 54 are generally aligned, while the first and second structural members 22, 24 
are rotated slightly relative to one another in order to align the L-shaped protrusions 64 
on the inner circumference 56 of the second structural member between the L-shaped 
protrusions 44 on the outer circumferential surface 36 of the first structural member 22. 

[0032] In a second step, as shown in Figure 6, the mating axial end 34 of the 
first structural member 22 is inserted into the mating axial end 54 of the second structural 
member 24, such that the L-shaped protrusions 64 on the second structural member are 
inserted between and past the L-shaped protrusions 44 on the first structural member 22. 

[0033] As shown in Figure 7, in a third step, the axial end 34 of the first 
structural member 22 is inserted into the axial end 54 of the second structural member 24 
until the L-shaped protrusions 64 of the second structural member abut the annular 
shoulder 42 on the first structural member 22. At the same time, the L-shaped 
protrusions 44 on the first structural member 22 abut the annular shoulder 62 on the 
second structural member 24. 

[0034] In a fourth step shown in Figure 8, the first and second structural 
members 22, 24 are rotated slightly relative to one another to a locked angular orientation 
in which the interlocking members 46, 66 are interlocked. In the locked angular 
orientation, each interlocking member 46 of the first structural member 22 is disposed 
behind one of the interlocking members 66 in one of the recesses 70 of the second 
structural member 24. Each interlocking member 66 of the second structural member 24 
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is disposed behind one of the interlocking members 46 in one of the recesses 50 of the 
first structural member 22. Relative rotation of the first and second structural members 
22, 24 is limited by the contact of the interlocking member 46 of the first structural 
member 22 with the stop member 68 of the second structural member 24 and by the 
contact of the interlocking member 66 of the second structural member 24 with the stop 
member 48 of the first structural member 22. In this locked angular orientation, the first 
and second structural members 22, 24 are locked axially relative to one another. The 
interlocking members 46, 66 may be slightly tapered to provide a tight interference fit, 
also drawing the annular axial surface 38 of the first structural member 22 against the 
annular shoulder 62 of the second structural member 24 to provide a fluid tight seal 
(Figure 10). 

[0035] While the first and second structural members 22, 24 are in the locked 
angular orientation, the keys 26 are inserted into the keyways 28 in the first structural 
member 22 as shown in Figures 8 and 9. In the keyway 28, each key 26 is positioned 
between a stop member 48 of the first structural member 22 and a stop member 68 on the 
second structural member 24, thus preventing the relative rotation of the first and second 
structural members 22, 24 out of the locked angular orientation. 

[0036] Disassembly of the first and second structural members 22, 24 is 
accomplished by first removing the keys 26, optionally by the use of a tool inserted into 
the aperture 30. The first and second structural members 22, 24 are then rotated relative 
to one another out of the locked angular orientation in order to align the interlocking 
members 66 between the interlocking members 46. The mating axial end 34 of the first 
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structural member 22 can then be removed from the mating axial end 54 of the second 
structural member 24. 

[0037] Figure 1 1 illustrates a portion of an alternate first structural member 
122 having circumferenti ally-spaced L-shaped protrusions 144 from an outer 
circumferential surface 136. Throughout the description of the second embodiment, 
reference numerals for elements that correspond to elements in the first embodiment are 
simply preappended by the numeral "1." Each of the L-shaped protrusions 144 includes 
an undercut leading edge 147 on the interlocking member 146 and an undercut leading 
edge 149 on the stop member 149. Figure 1 1A is a sectional view through a portion of 
alternative first and second structural members 122, 124 in the locked angular orientation. 
The second structural member 124 includes an undercut leading edge 169 on the stop 
member 168 complementary to the undercut leading edge 147 on the interlocking 
member 146 on the first structural member 122. The second structural member 124 
would also include a similarly undercut leading edge (not shown) on its interlocking 
member (not shown) complementary to the leading edge 149 of the stop member 148. 
The complementary undercut leading edges on the L-shaped protrusions increase the 
strength of the connection between the first and second structural members 122, 124 in 
the radial direction. 

[0038] Figures 12A-C illustrate first and second structural members 222, 224 
according to a third embodiment of the present invention. Throughout the description of 
the third embodiment, reference numerals of elements that correspond to elements in the 
first embodiment are simply preappended by the numeral "2." Referring to Figures 12A 
and 12C, the first structural member 222 includes a plurality of dovetailed protrusions 
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244 which are also the interlocking members 246. Each interlocking member 246 
includes four dovetail undercuts 247, 251. The annular shoulder 242 also includes a 
dovetail undercut 243. Additionally, the key ways 228 also include undercuts 229 
complementary to the keys (not shown). Referring to Figures 12B and 12C, the second 
structural member 224 includes a plurality of dovetailed protrusions 264 which are also 
the interlocking members 266. Each interlocking member 266 includes four dovetailed 
undercuts 267, 271. The annular shoulder 262 includes a dovetail undercut 263. 

[0039] Referring to Figure 12C, the undercuts 251 on the interlocking 
member 246 are complementary to the undercut 263 on the annular shoulder 262 of the 
second structural member and to the undercut 271 opposite the annular shoulder 262. 
Similarly, the undercuts 271 on the interlocking member 266 are complementary to the 
undercut 243 on the annular shoulder 242 of the second structural member and to the 
undercut 251 opposite the annular shoulder 242. The assembly and disassembly process 
is similar to that described above with respect to the first embodiment, with the exception 
that there are no stop members, although stop members could optionally be added to this 
embodiment as well 

[0040] A fourth embodiment is shown in Figures 13 A and 13B. Throughout 
the description of the fourth embodiment, reference numerals of elements that correspond 
to elements in the first embodiment are simply preappended by the numeral "3." 
Referring to Figure 13 A, the first structural member 322 includes a plurality of 
circumferentially-spaced groups of axially-spaced, circumferentially-elongated 
interlocking members 346 protruding radially outward from the outer circumferential 
surface 336. The interlocking members 346 are spaced axially outward of the annular 
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shoulder 342. Similarly, as shown in Figure 13B, the second structural member 324 
includes a plurality of circumferentially-spaced groups of axi ally-spaced, 
circumferentially-elongated interlocking members 366 protruding radially inward from 
the inner circumferential surface 356. The interlocking members 366 are spaced axially 
outward of the annular shoulder 362. Assembly and disassembly of the fourth 
embodiment is similar to that described above with respect to the first embodiment. The 
interlocking members 346 of the first structural member 322 interlock with the 
interlocking members 366 of the second structural member 324 thereby locking the two 
structural members 322, 324 axially together with a fluid tight seal. Keys (not shown) 
are then inserted into the keyways 328 to prevent relative rotation of the first and second 
structural members 322, 324. Again, stop members could optionally be provided to limit 
relative rotation during assembly. 

[0041] A fifth embodiment is shown in Figures 14-16. Throughout the 
description of the fifth embodiment, reference numerals of elements that correspond to 
elements in the first embodiment are simply preappended by the numeral "4." As shown 
in Figure 14, the first structural member 422 includes a plurality of circumferentially- 
spaced interlocking members 446 protruding radially outward from an outer 
circumferential surface 436. The interlocking members 446 preferably extend at an acute 
angle, more preferably approximately 45 degrees and most preferably 45 degrees, relative 
to an axis of the first structural member 422. The interlocking members 446, 466 may 
also be crowned longitudinally (i.e. generally perpendicular to keyways 428a, b), such 
that each interlocking member 446, 466 is thickest and highest at a midpoint along its 
longitudinal axis. A keyway 428a extends through each interlocking member 446 



11 



Express Mail No. EV221418&* / US \ 7 67097-008/EH- 10829. 

generally perpendicular to the interlocking member 446 as shown. The second structural 
member 424 also includes a plurality of circumferentially-spaced interlocking members 
466 protruding radially inward from an inner circumferential surface. The interlocking 
members 466 preferably extend at an acute angle, more preferably approximately 45 
degrees and most preferably 45 degrees, relative to an axis of the second structural 
member 424. A keyway 428b extends generally perpendicularly through each 
interlocking member 466 as shown. A keyway 428c extends from an outer surface of the 
second structural member 424 and is aligned with the keyway 428b. 

[0042] For assembly, the axial end 434 of the first structural member 422 is 
inserted into the axial end 454 of the second structural member 424 and rotated slightly to 
the locked angular orientation such that the interlocking members 446, 466 interlock with 
one another as shown in Figure 15. Each key 426 is then inserted into the aligned 
keyways 428a, b, c to rotationally lock the first and second structural members 422, 424 
to one another in the locked angular orientation. As can be seen in Figure 16, the annular 
axial surface 438 of the first structural member abuts and forms a fluid tight seal against 
the annular shoulder 462 of the second structural member 424, 

[0043] In any of the above embodiments, the keys 26, 126, 226, 326, 426 
could be snap-fit into their keyways 28, 128, 228, 328, 428 to assist in retaining the keys 
in the keyways. Alternatively, adhesive, fasteners and/or an interference fit could also be 
used to retain the keys in keyways. In any of the above embodiments, it is anticipated 
that the interlocking members 46, 66, 146, 166, 246, 266, 346, 366, 446, 466 would have 
a sloped interface in order to draw the first and second members toward one another, 
thereby preloading the interface between the first and second members. This not only 
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provides a fluid tight seal, but also maintains the seal under load during use. 
Additionally, a gasket could be added between the mating surfaces in any of the above 
embodiments to further improve the seal between the first and second members. 

[0044] It is anticipated that for applications where tolerances are more 
important that the first and second members would be machined. A right angle head 
spindle may be necessary for machining the inner diameter of the second members 24, 
124, 224, 324, 424. 

[0045] For any of the above embodiments, it may be desirable to precisely 
position only a subset (e.g. three or four) of the stop members 48, 68, 148, 168, 248, 268, 
348, 368, 448, 468 and to remove (or move out of the way) the remaining stop members. 
In this manner, better tolerances on the angular orientation between the first and second 
structural members may be achieved more easily. 

[0046] Optionally, for the first four embodiments, the outer surface 40, 140, 
240, 340 of the first member 22, 122, 222, 322 could include an annular groove about its 
circumference that aligns with a similar groove across the keys 26, 126, 226, 326. A 
band or wire could then be secured around the first member within the annular groove to 
retain the keys in their keyways. The first and second members of any of the above 
embodiments can be any material, including polymers, composites or metals, and may be 

* 

cast, molded or machined, depending upon the particular application. Tolerances and 
other manufacturing details would depend upon the particular application and could be 
determined by one of skill in the art. 

[0047] In accordance with the provisions of the patent statutes and 
jurisprudence, exemplary configurations described above are considered to represent a 
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preferred embodiment of the invention. However, it should be noted that the invention 
can be practiced otherwise than as specifically illustrated and described without departing 
from its spirit or scope. Alphanumeric identifiers for steps in the method claims are for 
ease of reference by dependent claims, and do not indicate a required sequence, unless 
otherwise indicated. 
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